Background There is marked racial disparity in TKA use rates, demographics, and outcomes between white and Afro-Caribbean Americans. Comparative studies of ethnicity in patients undergoing TKAs have been mostly in American populations with an underrepresentation of Asian groups. It is unclear whether these disparities exist in Chinese, Malays, and Indians.
Introduction
Knee osteoarthritis is common worldwide in the elderly with attendant disability sufficient enough to impact society socioeconomically [2, 31] . TKA is a proven procedure that enables disabled patients to return to meaningful functional activity. Second only to cataract surgery, it reportedly provides the greatest improvement in healthrelated quality of life [20] . In the United States, there is persistent inequality in the provision of hip and knee arthroplasty procedures to the minority races [22] . Afro-Caribbean Americans, especially females, have lower functional and health-related quality-of-life outcomes Each author certifies that he, or a member of his immediate family, has no funding or commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research editors and board members are on file with the publication and can be viewed on request. Each author certifies that his institution approved or waived consent for the human protocol for this investigation and that all investigations were conducted in conformity with ethical principles of research. compared with Hispanic and white populations for hip and knee arthroplasty [12, 15, 18] . Much research has been focused on elucidating the causes for this disparity, which include biological factors like a higher body mass index (BMI) [9] , more severe osteoarthritis at presentation, and sociocultural factors such as a greater distrust of the health establishment [3] , a later initial presentation [10] , an innate fear of surgery [19] , and an inherent healthcare provider selection bias to the various races [22] .
There is also some evidence that disparities occur in Asian populations. Joshy et al. [14] showed that Asian patients of Indian and Pakistani origin had lower preoperative Knee Society function scores compared with their white contemporaries in Birmingham, UK. This was attributed to differing cultural beliefs and social support. When studying patients of South Asian or East Asian ethnicity in Toronto, Canada, Gandhi et al. [9] found Asian patients presented for surgery at a younger age and lower mean BMI with greater pain and dysfunction than their white counterparts. However, it is unclear whether function after TKA differs among the various Asian races. Singapore is an equatorial island nation state with a multiracial community of Chinese, Malays, and Indians with similar access to health care within the same dense urban environment and receiving similar standards of care. Therefore, it is an appropriate location for studying racial differences.
We therefore determined whether (1) TKA use; (2) demographics and preoperative statuses; and (3) functional outcomes at 2 years after TKA differed among three ethnic groups, namely, Chinese, Malays, and Indians who underwent TKA at the Singapore General Hospital (SGH).
Patients and Methods
A retrospective observational demographic study was conducted in SGH, which is a high-volume tertiary referral center for adult joint reconstruction with over 60% of all knee arthroplasties performed nationwide within this single institution alone from 2005 to 2008 [21] . Since 2004, SGH has maintained a prospective joint registry for knee arthroplasties. Of the 7403 patients added to the database from January 2004 to May 2009, we excluded 2071 patients (28%) for the following reasons: (1) 1048 patients were excluded because they did not undergo a primary TKA (ie, unicompartmental, bicompartmental, and revision TKAs); (2) 921 patients (12% of total recruited) failed to attend both sixth-month and second-year postoperative assessments; and (3) 102 patients were from other races or of mixed parentage. Another 459 patients were assessed at the sixth-month postoperative interval but subsequently failed their second-year followup; however, this latter group was still included in the study by using their sixth-month assessment data for analysis. These 2071 exclusions left 5332 patients who had demographic data with both preoperative and postoperative scoring data eligible for analysis. The study cohort was composed of 4713 Chinese, 304 Malays, and 315 Indians ( Table 1 ). The mean age was 67 years with 20%, 44%, and 36% of patients undergoing a knee arthroplasty younger than 60 years, between 60 and 70 years, and older than 70 years of age, respectively. No patients were recalled specifically for this study; all data were prospectively entered into the registry database as part of routine assessment for all patients undergoing knee arthroplasty procedures. Ethical approval was obtained from the local institutional review board.
Demographic details, which included age, sex, and race assignment, were sourced from a centralized government database. Physiotherapists specially trained in outcomes scoring independently assessed patients preoperatively for height, weight, joint ROM, and varus/valgus deformity. Patients were then assessed preoperatively and subsequently at the sixth-month and second-year postoperative intervals for functional outcomes and health-related quality-of-life scores. These included the Knee Society score (with both knee and functional subsets) [13] , the Oxford knee score [6] , and the SF-36 health questionnaire [28] .
Relative TKA use rates among ethnic groups in our study were compared with the average general population by using published population censuses for individuals aged 50 years and older. We determined differences in demographics and knee ROM/deformity data between racial groups using onetailed analysis of variance (ANOVA). When p \ 0.05, we performed pairwise comparisons among racial groups using post hoc analysis with Bonferroni Holms correction. These mentioned variables were later controlled for in subsequent analyses. Any differences among the races for the various outcome scores, both preoperatively and postoperatively, were ascertained using multivariate analysis of covariance (MANCOVA) after controlling for age, sex, height, weight, knee ROM, and knee varus/valgus deformity covariates. Levene's test and Box's test (p[0.001) were used to assess the homogeneity assumption within groups required for ANOVA and MANCOVA testing, respectively. All statistical analysis was performed using SPSS Version 20 (IBM Corporation, Armonk, NY, USA). 
Results
Demographic features and preoperative statuses differed among three ethnic groups. Compared with published population statistics for the general population aged 50 years old and older [7, 8] , there was a 5.7% overrepresentation of Chinese and 4.8% underrepresentation of Malays who underwent TKAs (Table 1) . Malay patients had surgery at a younger age (63 years) compared with their Chinese counterparts (68 years) with a mean age difference (p \ 0.001) of 5 years (Table 2) . Females predominated with an overall sex ratio of 82:18 females:males. Indians had a sex ratio of 75:25 females:males, which became progressively skewed in Malay (78:22 females:males) and Chinese racial groups (81:19 females:males). Chinese patients presented with the lightest (p\0.001) mean weight of 64.9 kg compared with Malays (73.6 kg) and Indians (72.8 kg). Malays had the highest (p = 0.001) overall BMI of all groups (31.5 kg/m 2 ). We found no differences (p = 0.621) for flexion and extension among the ethnic races preoperatively. The majority had genu varum preoperatively (76% of cohort) with a mean 5°v arus (Table 3 ). Only 22% of the cohort had valgus deformity. Chinese patients presented with more genu varum compared with Malays and Indians (p = 0.025). When stratified by severity (ie, varus/valgus C 15°), Chinese patients presented with more severe genu vara (9.3% within the Chinese group) compared with their racial peers (8.9% and 8.6% in Malays and Indians, respectively; p = 0.021). There were no appreciable differences (p = 0.093) in genu valgus severity among the races. Function 2 years after TKA differed among ethnic groups not only in levels, but also in change amount. Chinese patients had consistently higher preoperative Knee Society knee scores (p \ 0.001), higher Knee Society function scores (p = 0.007), and lower Oxford Knee scores (p \ 0.001) than their Indian and Malay counterparts. This trend is similarly reflected in the SF-36 health questionnaire with consistently higher scores for physical function, physical role, and bodily pain subscales for the Chinese group compared with other races (p\0.001) ( Table 4 ). No differences were noted in pairwise comparisons between Malay and Indian groups for most preoperative outcome scores likely from lower patient numbers recruited in these groups (n \ 320 for both groups; p = 0.517 to p = 1.000). The only exception was in Knee Society function scores in which Malays had worse scores (p \ 0.001) than Indians. Postoperatively, Indians consistently had the poorest scores (p \ 0.001 to p = 0.073) compared with Chinese and Malays. Exceptions were in the Knee Society function score and SF-36 physical function subscale in which no differences (p = 1.000) could be found in pairwise comparison between Malay and Indian groups. Malays showed the greatest improvement (p \ 0.001) from preoperative to second-year postoperative scores for Knee Society functional score, Oxford knee score, and the SF-36 physical role subscale score compared with the other groups. Indeed, for Knee Society knee score and other SF-36 physical subscales, Malays, who had the poorest preoperative scores, had marked improvement to such extent that there were no comparable postoperative differences with their Chinese counterparts (Table 4 ).
Discussion
Studies investigating racial disparity in TKA use rates between races reveal marked differences in demographics and outcomes between Afro-Caribbean and white Americans in the United States. However, comparative studies of ethnicity in patients undergoing TKAs have been mostly in American populations with an underrepresentation of Asian ethnic groups. Only a few studies have compared Asian with white populations and none so far has compared major Asian racial groups. Singapore is an island nation with a multiracial community of Chinese, Malays, and Indians with similar access to health care within the same dense urban environment and receiving similar standards of care. We determined whether (1) TKA use; (2) demographics and preoperative statuses; and (3) functional outcomes at 2 years after TKA differed among three ethnic groups, namely, Chinese, Malays, and Indians who underwent TKA at SGH. Despite the size of our study, we note the following limitations. First, our study was conducted in a single center with the potential for misrepresentation of the general population in Singapore. This is unlikely because more than 60% of all knee arthroplasties performed in both public and private institutions in Singapore were performed in this high-volume tertiary referral center alone during the study period [21] . Second, there is heterogeneity in service provision with TKAs being performed by different surgeons who might use different clinical indications, surgical approaches, implant designs, makes, and instrumentation types. Third, although the Oxford knee score and SF-36 score systems have been localized for the Chinese population in Singapore [17, 30] , these scoring systems have yet to be adapted to the Malay language. The use of the Malay language without the use or validation of localized language-specific pro forma can introduce systemic errors in the form of reporting and observer bias either through language translation or cultural interpretation errors. Finally, because all preoperative parameters were measured only after patients had already decided for surgery to account and control for these variables in subsequent functional outcome assessment, we were unable to assess the effect of these parameters in decisionmaking for knee arthroplasty. We found minor racial disparity with Chinese 5.8% more likely and Malays 4.7% less likely to undergo knee arthroplasty when compared with the general population racial mix in Singapore. One possible cause for this is financial concerns/constraints [4] . Singapore practices a hybrid welfare system, which, although not providing universal health care for all, provides equitable access to health care by providing healthcare subsidies to those eligible after household means testing. All patients were treated in similar wards with similar levels of care, implant use, postoperative management, and physiotherapy protocols in our institution. The major financial constraint would be in implant hardware costs, which is partially subsidized. Means tested subsidized care might have offset financial concerns in the local races compared with what is experienced by Afro-Caribbean Americans in the United States. We also found that Malays underwent knee arthroplasties 5 years earlier than Chinese. The higher BMI observed in Malays compared with other races will naturally predispose this group to experience more severe knee osteoarthritis by exposure to increased joint load forces. This BMI-young age-severe osteoarthritis relationship has been observed in other studies [9] . In contrast, Chinese patients might present at a later age as a result of a higher innate fear of surgery, a lack of social-home support (compared with the larger multigenerational nuclear families in Malays), and/or work commitments because the retirement age in Singapore is 65 years, which corresponded to the Chinese median operative age of 68 years in this study. Features such as age are remarkably similar in studies reporting demographic differences in populations of TKA, but others such as female:male ratios have varied considerably (Table 5 ). Qualitatively, the mean age for Chinese, Malays, and Indians was similar to other centers within the 60-to 70-year age bracket with the sole outlier being in a Korean joint registry study by Kim et al., which showed an above 70-year mean age of TKA [16] . BMI for most races in American studies was higher than Chinese, Malays, or Indians in our study, although Chinese patients were similar in BMI to Korean patients [16] . Although there were no clinically important differences in preoperative knee ROM among the races, Chinese patients tend to present with a greater severity of genu varus deformity than other Asian racial groups. Anthropometric studies suggest that Chinese and Japanese have smaller knee sizes, greater physiological genu varum [33] , greater inclined tibial plateaus [32] , different femoral and tibial aspect ratios [5, 11, 27] , and greater femoral mechanical axis offsets [25, 26] compared with white patients. A greater physiological genu varum will likely predispose these groups to differential joint loading with expected greater medial compartment and medial patellofemoral compartment osteoarthritis. Although genu varum is more prevalent in Asian races, our study suggests it is most marked in Asian races. More work is needed to further define and assess this deformity radiographically between the Asian races.
When confounders like age, sex, and preoperative knee ROM and deformity were controlled for, we found Chinese patients had consistently better preoperative and postoperative Knee Society scores (knee score and function score), Oxford knee scores, and SF-36 physical subscale scores than Malays or Indians. Surprisingly, although preoperative scores reportedly best predict postoperative function and outcome scores [23] , Malay patients who presented with the poorest preoperative scores had the greatest improvement in outcome scores at second-year followup to such extent that postoperative scores in Malays were comparable to those of Chinese. Indians had intermediate preoperative scores but the poorest postoperative scores throughout. These findings are likely multifactorial in origin with biological, cultural, and sociological causes. Lower perceived pain thresholds and different cultural expressions of pain might explain the poorer functional outcome score improvements in Indian patients compared with the other races [24, 29] . Kneeling, which is of vital importance in Malays as a result of their inherent religious commitments, could explain the high physical function scores postoperatively because their perception of well-being and functional outcome could be colored by their renewed ability to kneel postoperatively. This is in contrast to Chinese or Indians who might not see kneeling as an important activity in comparison to squatting, which is technically difficult to achieve with current implant designs.
In conclusion, there are distinct variations in demographic and preoperative statuses among Chinese, Malays, and Indians undergoing primary TKAs and, even when controlled for, there are still notable differences in preoperative and second-year postoperative outcomes among the races. This has implications with regard to the interpretation of published outcomes of knee arthroplasty in Asian populations in preexisting studies and future studies. Further study is needed in ascertaining the causes of these differences in outcomes between the races.
